


































































































学校编码：10384                        分类号_______密级 ______ 
学号： 20520141151595                                UDC _______ 
 
 
硕  士  学  位  论  文 
氧化锆负载铂和钨酸催化纤维素转化制乙
醇的研究 
Studies on chemical synthesis of ethanol from cellulose 
catalysed by zirconium oxide supported platinum catalyst 
and tungstic acid 
王攀 
指导教师姓名： 王 野 教 授 
专 业 名 称： 物  理  化  学 
论文提交日期： 2 0 1 7 年 8 月 
论文答辩日期： 2 0 1 7 年 8 月 
学位授予日期： 2 0 1 7 年    月 
 
答辩委员会主席：           
评    阅    人：           
 














A Thesis Submitted to the Xiamen University for M. S. Degree 
 
 
Studies on chemical synthesis of ethanol from cellulose 
catalysed by zirconium oxide supported platinum catalyst 




By  Pan Wang 
















































另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的






声明人  （签名）： 
指导教师（签名）： 
 















































（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 







                             声明人（签名）： 


































摘要 ............................................................................................................. I 
Abstract ...................................................................................................... I 
第一章 绪论.............................................................................................. 1 
1.1 引言 ...................................................................................................................................1 
1.2 生物质简介 .....................................................................................................................1 
1.2.1 生物质的组成 .................................................................................... 1 
1.2.2 纤维素简介 ........................................................................................ 2 
1.3 木质纤维素类生物质的催化转化 ............................................................................3 
1.3.1 纤维素类生物质水解转化 ................................................................ 4 
1.3.1.1 液体酸催化纤维素的水解反应 .................................................. 4 
1.3.1.2 固体酸催化纤维素的水解反应 .................................................. 7 
1.3.2 纤维素加氢转化的研究 .................................................................. 10 
1.3.2.1 纤维素制山梨醇 ........................................................................ 10 
1.3.2.2 纤维素制丙二醇 ........................................................................ 13 
1.3.2.3 纤维素制乙二醇 ......................................................................... 14 
1.3.3 纤维素类生物质制乙醇的研究 ...................................................... 17 
1.4 论文的构思和目的 .................................................................................................... 18 
1.5 论文的组成和概要 ................................................................................................... 18 
参考文献 ............................................................................................................................. 20 
第二章 实验部分 .................................................................................................. 30 
2.1 原料与试剂 ................................................................................................................. 30 
2.2催化剂制备 .................................................................................................................. 31 
2.3 催化反应 ..................................................................................................................... 32 
2.3.1 催化剂的性能评价 .............................................................................. 32 
2.3.2 分析方法 .............................................................................................. 34 
2.4 催化剂的表征 ............................................................................................................ 35 
















2.4.2 N2 物理吸脱附 ...................................................................................... 35 
2.4.3 H2 化学吸附 .......................................................................................... 35 
2.4.4 NH3 程序升温脱附（NH3-TPD） ....................................................... 36 
2.4.5 高分辨透射电子显微镜（HR-TEM） .............................................. 36 
2.4.6 扫描电子显微镜（SEM） ................................................................. 37 
参考文献 ............................................................................................................................. 37 
第三章 纤维素催化加氢制乙醇的性能研究 ............................................... 39 
3.1 引言 .............................................................................................................................. 39 
3.2  纤维素转化生成乙醇的催化性能 ..................................................................... 40 
3.2.1 氧化锆上负载不同金属的催化性能 .................................................. 40 
3.2.2 不同载体负载 Pt 催化剂的性能 ........................................................ 41 
3.2.3 Pt/ZrO2 不同制备对催化性能的影响 ................................................. 42 
3.2.4 Pt 含量对催化性能的影响 .................................................................. 43 
3.2.5 钨酸含量对催化性能的影响 .............................................................. 44 
3.2.6 纤维素转化制乙醇的动力研究 ........................................................... 45 
3.2.6.1  反应温度 .................................................................................. 45 
3.2.6.2  反应时间 .................................................................................. 46 
3.2.6.3  H2 气氛浓度 ............................................................................. 47 
3.3 本章小结 ..................................................................................................................... 48 
参考文献 ............................................................................................................................. 49 
第四章 催化剂的表征与机理 ........................................................................... 51 
4.1 引言 .............................................................................................................................. 51 
4.2 催化剂结构与反应性能的联系 ............................................................................ 52 
4.2.1 催化剂上 Pt 的形貌 ............................................................................ 52 
4.2.1.1 TEM ............................................................................................ 52 
4.2.1.2 H2-Chemisorption ....................................................................... 56 
4.2.2 XRD ...................................................................................................... 56 
4.2.3 N2-物理吸脱附 ..................................................................................... 59 
















4.2.5 SEM ...................................................................................................... 60 
4.3 纤维素加氢的反应路径 .......................................................................................... 61 
4.3.1 可能中间产物的反应 .......................................................................... 62 
4.3.2 各催化剂组分的作用 .......................................................................... 63 
4.4 本章小结 ..................................................................................................................... 64 
参考文献 ............................................................................................................................. 64 
第五章 结论及展望 ................................................................................................... 67 


































































Abstract in Chinese .................................................................................... I 
Abstract in English .................................................................................... I 
Chapter 1. General Introduction ............................................................. 1 
1.1 Introduction ................................................................................................................... 1 
1.2 Biomass ........................................................................................................................... 1 
1.2.1 Composition of Biomass .................................................................... 1 
1.2.2 Cellulose ............................................................................................ 2 
1.3 Catalytic Conversion of Lignocellulosic Compouds ......................................... 3 
1.3.1 Hydrolysis of cellulosic biomass ....................................................... 4 
1.3.1.1 Hydrolysis of cellulose over Liquid Acids ................................... 4 
1.3.1.2 Hydrolysis of cellulose over Solid Acids ...................................... 7 
1.3.2 Hydrogenation of Cellulose ............................................................. 10 
1.3.2.1 Cellulose to Sorbitol ................................................................... 10 
1.3.2.2 Cellulose to propylene Glycol .................................................... 13 
1.3.2.3 Cellulose to ethylene Glycol ....................................................... 14 
1.3.3 Cellulosic Biomass to Ethanol ......................................................... 17 
1.4 Objectives of this Thesis .......................................................................................... 18 
1.5 Outline of this Thesis ............................................................................................... 18 
References .......................................................................................................................... 20 
Chapter 2.Experimental ..................................................................................... 30 
2.1 Materials and Reagents ........................................................................................... 30 
2.2 Preparations of Catalysts ....................................................................................... 31 
2.3 Catalytic Reaction ..................................................................................................... 32 
2.3.1 Catalytic Performance ........................................................................... 32 
2.3.2 Analysis Method ................................................................................... 34 
















2.4.1 XRD Characterizations ......................................................................... 35 
2.4.2 N2 Physisorption Characterizations ....................................................... 35 
2.4.3 H2 Chemisorption .................................................................................. 35 
2.4.4 NH3-TPD .............................................................................................. 36 
2.4.5 HR-TEM ............................................................................................... 36 
2.4.6 SEM ...................................................................................................... 37 
References .......................................................................................................................... 37 
Chapter 3.Study on the performance of hydrogenated ethanol from 
cellulose ................................................................................................................... 39 
3.1 Introduction ................................................................................................................ 39 
3.2  The catalytic performance of ethanol from cellulose ....................................... 40 
3.2.1 Catalytic performance of different metals on zirconia ......................... 40 
3.2.2 Performance of Different Supported Load Pt Catalysts ....................... 41 
3.2.3 Catalytic performance of Pt/ZrO2 different preparation ....................... 42 
3.2.4 The influence of Pt content on catalytic performance .......................... 43 
3.2.5 The influence of tungstic acid content on catalytic performance ......... 44 
3.2.6 Kinetic Studies of cellulose conversion to ethanol ............................... 45 
3.2.6.1  Reaction Temperature .............................................................. 45 
3.2.6.2  Reaction Time .......................................................................... 46 
3.2.6.3  H2 atmosphere concentration ................................................... 47 
3.3 Conclusions ................................................................................................................. 48 
References .......................................................................................................................... 49 
Chapter 4. Characterization and mechanism of catalyst ....................... 51 
4.1 Introduction ................................................................................................................ 51 
4.2 The relationship between catalyst structure and reaction performance . 52 
4.2.1 The feature of Pt on the catalyst ........................................................... 52 
4.2.1.1 TEM ............................................................................................ 52 
4.2.1.2 H2-Chemisorption ....................................................................... 56 
















4.2.3 N2- Physisorption Characterizations ..................................................... 59 
4.2.4 NH3-TPD .............................................................................................. 59 
4.2.5 SEM ...................................................................................................... 60 
4.3 The reaction path of cellulose hydrogenation .................................................. 61 
4.3.1 The intermediate reaction ..................................................................... 62 
4.3.2 The role of catalyst components ........................................................... 63 
4.4 Conclusions ................................................................................................................. 64 
References .......................................................................................................................... 64 
Chapter 5.Conclusions and Perspectives ................................................................. 67 








































































Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
